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WARKED-UP VERSION OP ^jtf r -o^aycobacteria 
niirlyic acids specaL. c.. — «j_ . 

ag tr__acH prions tot UiS—^S ~ 

5 mea May 

nU cleic ^IcT" mycobacteria belor, 3 in 3 to the «. 

tuberculosis complex. 
10 The invention likewise relates to a method of 

" iB vitro detection of strains of mycobacteria belonging 

tTThT^ tuberculosis complex as well a, to a method 

for a differential diagnosis or Strains of the H. 

cubnculosiM complex, especially for differentiating 

a «-v,„ prr from '-bat of other members or 
lb the presence of the BCG trom _r.*c 

the complex in a sample. 

Aoproximately, billion people cr 1/. of .he 
wor ld pooulation are infected with M. tuberculosa 
(Sudre et aL, 1992). In 1990, the estimated numcer of 
, of tuberculosis was 8 million, including 2.3 
iUion deaths (Sudre et al.. 1992). These last few 
years, the number of cases of tuberculosis m the 
United Stales and in Europe hos increased by 3 to fi* 
per annum, principally in populations at high risk such 
25 as patients suffering from AIDS, chronic alcoholics, 
the homeless and drug addicts (Barnes et al., 1991). 

Taking account of the difficulties i:i fighting 
infections by mycobacteria, there is an urgent need to 
be able to have a specific and sensitive rapid method 
30 allowing these infections to be diagnosed. Also, the 
early detection of M. tuberculosis in clinical samples 
is taking on growing importance in the control of 
tuberculosis both for the clinical treatment of 
infected patients and for the identification of exposed 

35 individuals at risk. 

Detection oy fCK (rolymerase Cham Reaction) of 
specific L'NA of species of mycobacteria is probably one 
of the most promising novel approaches for rapid, 
speciric and sensitive diagnosis (Saiki et al., 198 5: 
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i 4 - scid^ -rr^ ^ mycobacte ria 

F ragments of n ucleio_a ciC -pe e _- 

^T^T^ers of theJS^f^ 1 ^ 1 " rniDPleX ^ 

d jjEfcrcntial o M^ncsis of members of the 

cuberculosis complex 

The present invention relates to sequences. of 
nucleic acids of mycobacteria belonging to the M. 

tuberculosis complex. 

The invention likewise relates to a method of 
,_ n vitr o detection of strains of mycobacteria belonging 
to the M. tuberculosis complex as well as to a method 
for a differential diagnosis Of Strains of the M. 
cubzsculosis complex, especially for differentiating 

- „f m P nrr, from "-hat of other members of 
the presence of the uco troic -not 

the complex in a sample. 

Approximately, l.i billion people cr 1/3 of th? 
world population are infected with M. tuberculosis 
(Sudre et aL, 1992). In 1990, the estimated number of 
cases of tuberculosis was 8 million, Including 2.9 
million deaths (Sudre et al., 1992). These last few 
years, the number of cases of tuberculosis in the 
united States and in Europe has increased by 3 to 6% 
per annum, principally in populations at high risk such 
as patients suffering from AIDS, chronic alcoholics, 
the homeless and drug addicts (Barnes et al., 1991). 

Taking account of the difficulties i:i fighting 
infections by mycobacteria, there is an urgent need to 
be able to have a specific and sensitive rapid method 
allowing these infections to be diagnosed. Also, the 
early detection of M. tuberculosis in clinical samples 
is taking on growing importance in the control of 
tuberculosis both for the clinical treatment of 
infected patients and for the identification of exposed 

individuals at risk. 

Detection oy fck (folymerase Chain Reaction) of 
specific CNA of species of mycobacteria is probably one 
of the most promising novel approaches for rapid, 
specitic and sensitive diagnosis (Saiki et al., 1965: 
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Brisson-Koftl et al., 1959;. Cousins 

Ei3 enach et .1.. 1990; «*™ * al. 1993; ^es t 
al 1991; Hermans At al-, 1990; Jonas et al . , 1--3. 
KoIk et al., 1992; Pierre et al., 1991; Saboor et al 
19 S2; SUankar et al.. 1991; SjabriBfl et al., 1990) he 
different studies carried out up to date, however, have 
led to different results as far as the specificity and 
rhe sensitivity are concerned. Among th„ reasons for 
this diversity, It is especially possible to note 
methodological differences concerning the preparatron 
of the samples, the protocol followed for tne 
amplification or the methods of detection of the PCR 
products. 

Several of these studies relate to the 

15 detection by PCR of the M. -tuberculosis complex 
startma from the target DHA IS6110 (Clarridge et al., 
1991; Eisenach et al., 1350 ; Forbes et al., ;<^3; 
Nocrdhoeck et al., 1994), the gene coding for the 55 
kDa antigen (Bri sson-Noel et al., 1991; Telenti et al . , 

20 1993), the gene coning for the 38 kDa antigen 
(Folgueira ct al., 1993; Sjobring et al . , 1990) or the 
Lxbosomal 1SS RNA (Kox et al., 1995). However, all 
these diagnostic tests identify the M. tuberculosis 
complex in its entirety. 

25 The M. tuberculosis complex comprises 

M. tuberculosis, M. bovis, M. microti and M. africanum. 
These four species have strong homologies in their DNA 
(8S to 100ft) Cmeada, 1985) and have several totally 
identical genes. This homology has limited the use of 

30 DNA sequences to differentiate the strains. It would 
nevertheless be of particular inte.rp.st to be able to 
differentiate the strains of M. tuberculosis from those 
of the Calmette-Guerin (BCG) bacillus M. bovis, the 
latter often being used as live vaccine3 for 

25 inmunoproCecLiou against tuberculosis* . obviously, there 
is thus an interest in distinguishing between possibly 
pstlhoyeuic mycobacteria and vaccinating BCG 3trains. 
This distiuclion is particularly important in the case 
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of immunodeficient individuals, such as subjects 

infected by HIV. 

Pestriction fragment length polymorphism (R.LP) 
analyses based on the insertion of LUe 136110 elements 
have been used to differentiate different stains of 
M zvbuzculosia. It has beeP shown that this Insertion 
element allowed specific RFLP profiles of strains to be 
obtained on account of a variability in its 
localization and in the number of copies existing m 
the genomes of different strains. ISSllO has been 
demonstrated in M. tuberculosis and in M. bovis but not 
in -he other mycobacteria tested (Cave et al., -991). 
In general, several copies of this insertion element 
can be demonstrated in M. tuberculosis, although a 
single copv is found in M. bovis BCG (Cave et al., 
1991). However, certain strains ol K. tuberculosis are 
devoid of ISSllO (van Soolingen et al., 1994) and 
strains of M. bovis having a significant number of 
conies are common in some populations (van Soolingen et 
al*., 1994). Added to these limitations is the fact that 
the identification of strains Of M. tuberculosis from 
ISSllO necessitates Southern Blot analyses and cannot 
easily be carried out by routine PCR methods. 

The authors of the present invention have 
demonstrated a novel targer DMA sequence for enzymatic 
amplification. This sequence is part of an operon 
coding for a specific two-component regulatory system 
of M. leDrae and bacceria which are -members of the 
M. tuberculosis complex. The two-component systems are 
regulatory systems belonging to a large family, 
involving two proteins which cooperate in translating 
external, signals by modifications in the level of 
genetic expression (J'arJfinson *n'rl Knfoid, 1992) . 
According to a proposed general model, one component 
localized in the raerabrane could act as a sensor of 
environmental changes and could transmit the 
information tc a regulatory component of the response 
in the cytoplasm, which in turn could modulate the 
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transcription of taraet aenes. The —icatinn 
between the two components is generally carrrcd out by 
a cascade of phosphorylations. 

The authors of the present invention have at 

. ' j ^sran-P-rized a two -component 
5 present cloned and characterized 

*. • i , v3 tcm This system appears to b c 
mVCOt»3Cteri<al system. -> 

specific to meters of the Ji. tylosis complex and 
E\. IT"- Unexpectedly with respect to the other 
two-component svstems, .he genes of this mycobacterial 
10 system are separated ^ » sequences (intercrstron. r 
"~ sequences or repeated seauences) which are uniquely 
present among the drains of mycobacteria of the 
1* tuberculosis complex and in M. leprae. 

The authors of the present invention have 

.v^n that in the strains of the 
15 additionally shown tnac 

t-hie; irterc - stronic region 

M ruberCUlOSl* complex, tms J-r-u-i-- 

corresponded to an exact or truncated number cr 
^petitions Of a sequence of 77 base pairs, SEQ ID 
No. 1, which was able to vary among the strains- The 
r> 0 truncated sequence (SEQ ID No. 2) is composed of 53 
H asc pairs and contains a short ln-phase internal 
deletion of nucleotides Nos. 40 to 66, which axe 
substituted by a GAG codon. 

The authors of the invention have likewise 

25 Shown that, surprisingly, the truncated sequence (SEQ 
ID No. 2) was characteristic of the members of the 
M. tuberculosis complex which are different from BCG. 

In M. leprae, the coi responding intercistronic 
region is formed by a variant of 52 base pairs already 

30 additionally described and whose sequence is indicated 
belcw: 

5' atg aca ccc gcg cag qr.g atg atg cag age gaa gtg acq 
aga ggg aat gtg a 3V. u 

Taking account of their characteristics, these 
35 repeated sequences . are of particular interest for 
identifying and differentiating between strains of the 
M. tuberculosis complex by enzymatic amplification 
techniques, such as PCR or other similar methods. More 
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ii^ differential diaqnosis 

particularly, they allow a airr_ 

1 . _ rr - _,_„> that 0 f other members 

between the presence or BCG and mat 

of rhe complex In a biological sample tc be 
established. This differential diagnosis, whose 
principle is based on the specific detection of the 
sequence SEQ ID No. 2, forms a preferred aspect of -J*, 
invention. It is advantageously employed Lo distinguish 
an infection by BCG from an infection by Cher virulent 
meters of the complex in immunodef f icient individual,, 
such as especially subjects infected by HIV. 

The invention thus relates to a specific 
f-agm«nt of nucleic acid, of mycobacteria belonging to 
the M. tuberculosis complex, comprising a sequence of 
nucleotides chosen from amongst the sequence SEQ ID 
Mo 1, the sequence SEQ ID No. 2, cheir complementary 
sequences or the sequence, of nucleic acids capable of 
hybridizing with one of the preceding sequences under 
conditions of high stringency. 

IL is likewise aimed at the use of -he said 
sequences for the production of nucleotide probes for 
the in vitro detection of mycobacteria belonging to the 
H. tuberculosis complex and of oligonucleotide primers 
for the enzymatic amplification of specific sequences 
of strains whir.h are members of the M. tuberculosis 
complex . 

The invention likewise relates to a method 
allowing the strains of the M. tuberculosis complex to 
be differentiated from one another, particularly for 
allowing BCG to be differentiated from pathogenic 
mycobacteria of this complex. 

it likewise provides means for differentiating 
sub-groups among the strains forming the 
M. tuberculosis complex. 

In addition, it can allow M. leprae of the 
species and of .the strains belonqinq to the 
M. tuberculosis complex to be differentiated In a 
biological sample. 
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~.-t- of the present invention, it is 
In the context ot cne t 

™ n H^idn= of "high stnnqency in 
considered than the condition- o j 

I!. two nucleotide ^ - ^V^V 

" ." us 30°C, and additionally preferably Watur. 

nations of between (T ra minus 5*C) and (,. *inus 10 C, 
; hi9 h stringency). T m being the meltinu temperature, 
defined a, being the temperature at which 50, of the 
paired strand, separate. Preferentially, the condition, 
of high stringency used correspond to pr P .hybridxzat,on 
hybridization and washing temperatures of fin C and a 
pr .hvhrldization and hybridisation buffer basec on S x 
SS r (protocol recommended by Boehringer Mannheim) . 

ThA invention relates to a specific fragment or 
nucleic acids of mycobacteria of the M. tuberculosis 
complex localized in the mtercistronic region of the 

s*nX3-rcgX3 system. 

As will be explained in the examples, t.ie 
sequence 5EQ ID No. 1 corresponds to an entity of 77 
repeated base pairs end a different number of copies 
according to the sUains of mycobacteria studied. Tnis 
repeated seauence has an open reeding frame (ORE*) which 
can -ode for a peptide of 25 amino acids. 

Th* invention 13 thus aimed et a fragment of 
nucleic acids specific to the M. tuberculosis complex, 
comprising a sequence of nucleotides selected from the 
sequence SEQ ID No. 1, its complementary sequence or 
the sequences of nucleic acids capable of hybridizing 
with one of the preceding sequences under conditions ot 

high stringency. 

According to another aspect, the invention is 
aimed at a specific fragment of nucleic acids of 
members of the M. tuberculosis complex which arc 
different from BCG, especially the vixulent species 
M. zucercuiosis, M. africanum or Af. bovis, comprising a 
sequence of nucleotides chosen Ciojii amongst the 
sequence SEQ iD no. 2, its complementary sequence or 



the sequences of nuclei/ acids capable of 

with one of the preceding sequences under cuodxtion- 

high ----- fcuaUy ulustrat9d by the example. rhe 
BC, strains can be differentiated fro, ^ ^ 
strainS of the K. t«l««l~i- -pie* because ol ^ 
£ bsence of the sequence SEQ ID No. 1 in the 
xntergenic region in BCG (See Table 3, groups 4. 6 R ) - 

The different nucleoCide sequences of th_ 
invention can be of artificial origin ox non- artifact! 
or, gin. They can be DKA or RNA seauences. 

" They can be prepared, for example, by chemical 

synthesis, or alternatively by mixed methods including 
chemical ox enzymatic modifications ot sequences 
obtained by screening sequence libraries, by means of 
probes elaborated on the basis of the sequences SEQ ID 
" Nc 1 or 2. SUCh libraries can be prepared by the 
classic! techniques of molecule biology, known to the 

person skilled in the art. 

The nucleotide sequences of the invention allow 
the production of probes or 0= nucleotide primers 
capable of hybridizing specifically with these, Lheir 
corresuonding RNA sequences or the corresponding genes 
under conditions of high stringency. Such probes are 
likewise part of the invention. They can be used as an 
in vitro diagnostic tool for the detection, by 
hybridization experiments, of specific nucleic acid 
sequences of mycobacteria belonging to the 
m. tuberculosis complex. 

Preferentially, the probes of the invention 
have at least 24 consecutive nucleotides although 
shorter probes can be equally suitable. At the maximum, 
these have the complete sentt-rAgX3 intergenic region 
of M. tuberculosis (IPL), namely two successive 

sequences SSQ ID No. 1 follow e d by a sequence SEQ TD 

No. 2. This DNA fragment contains 218 base pairs. 

Among the specific preferred nucleotide probes 
of the member 3 of the M. tuberculosis complex, th9 
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s„e s« id no. i" 8 in its entirety or If 
complementary sequence appear «P"« U ^ „ 

According Co another aspect, the invent 
oim cd at nucleotide probes lor. the detection and the 
titration of sequence or nucleic acida .peer, to 
■,-toera of the «. tuberculosis complex which 
"ant f » BCG, especiaUV rhe — apecies 
„. tubercJoaia, «. africanu* or «. bo.is, wall a 
for the differential diagnosis of the presenca of BCG 
in a biological sample containing mycobacteria of the 
M tuberculosis complex. 

Such nucleotide probe, are chained front a 
regi nn of the sequence SEQ IE No. 2 surrounding the GAG 
codon in position 40-42 or of it, complementary strand. 
Preferentially, this region has a length of 21 base 
pair c and contains 9 nucleotides upstream and 
downstream of the specific GAG COdon of the sequence 

SEQ ID No. 2. 

Advantageously. these probes comprise the 
sequence SEQ ID No. 2 in its entirety or its 
complementary sequence. 

The probes of the invention hybridize ? cr.ordmg 
to the appropriate hybridization conditions, 
corresponding to the conditions of temperature and of 
ionic strength usually used by the person skilled in 
the art. 

Preferentially, the probes of the invention are 
labelled, previously to their use. For this, several 
techniques are at the disposal of the person skilled in 
the art (fluorescent, radioactive, chemiluminiscent , 
enzymatic, etc. labelling) . 

According to a preferred embodiment, the probes 
are labelled with digoxygenin. Digoxygenin (DIG) is a 
steroid hapten coupled to dUTP' for labelling DNA used 
as a probe. This technology is marketed by Boehringer 
Mannheim. After the hybridization with the probe and 
washing, the detection is carried out following an 
emission of a chemoluminescent siynal by means of the 




F/FR97/01483 

WO 98/078^J 

- 9 - 

SUbsUate disodium 3- (4-IuethOXyspitcX 1 , 2 dioxcthane- 
3, 2 • - (3 ' -chloro) tricyclodeom) -4-yl) phenylphosphate 

* The nucleotide sequence of the invention are 
5 likewise useful for the production and the use cl 
oligonucleotide primer, for 3 eqccncing reactions or for 

enzymatic amplification. 

Thp enzymatic amplification techniques are 

principally illustrated by FCR. Other similar methods 
10 can, however, be used such as, for example, LCR (Ligase 

Chain Reaction), NASBA (Nucleic Acid Sequence Based 

Amplification), Q-|3replir.ase, SDK (Strand Displacement 
U Amplification) and any other variant comprised in tne 

9 • technological knowledge of the person skilled ir. the 

| ic art These nucleic acid amplification techniques use 

I oligonucleotide primer molecules to initiate the 

S Plonaaticn reaction of the target sequence. The. exact 

| length of these primers will be able to vary accord mg 

to the case. For example, as a function of the 
9 20 complexity of the sequence of the matrix, a 

pj polynucleotide primer typically contains Ciom 15 to 25 

£ nucleotides or more. In certain cases, however, it can 

O 

ft* contain leas. 

Preferentially, the nucleotide primers of the 
2 5 invention comprise ar leasr 19 nucleotides. They are 
formed by piimers chosen from sequences adjar.ftnr. to the 
senX3-regX3 inleigenic region, in the regions 3« of 

senXJf and 5' of regX3. 

According to a prefer, red variant, the pair of 
primers referred to M C5 and C3 are used, namely —^.gN 
S»GCGCGAGARC.CCGAACTGC3^ and 5 1 GCGCAGCAGAAACGTCAGC 3 n 
corresponding respectively to the 3' end of the aenX3 
gene and the 5' end of the xe<jX3 gene. These primers 
respectively hybridize 56 base pairs upstream of the 
US interciatronic region and 62 base pairs downstream of 
the latter. 

The nucleotide sequences and the probes 
resulting therefrom can be cloned in cloning and/or 
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expression vectors according to classical Lechn^ of 
secular biology, especially invoiv o- 
restriction ea^e, and of specific 

A preferred cloning vector in the present 

„4-h bv the plasmid pReqxMtl 
5 invention is represented by the p 

deposits at the C*CM under the nun.sc 1- 66 whose 
construction is described in greater detail ^ the 

examples belnw. 

Another cloning vector according to th. 

^r.«anh«l fcv the plasmid pRcgX3Bcl 
10 invention is represented cy tn * 

deported at the CNCM under the number I-17C5. These 
plasmids have each been introduced into the bacterium 

£. coJi XLl-blue. 
tW*£> Ihe vectors 1-1765 and 1-1766 each contain -he 

v- .,vi with the intercistronic 

IS complete senXs-cegM gene, wiwi 

regions of BCG and of M. tuberculous respectively. 

The nucleotide sequence according to the 

invention can additionally be expressed in appropriate 

systems, for the production and the study of the 
20 biological activities of the corresponding peptides. In 

this case, these will be placed under the control of 

signals allowing their expression in a cell host. 

An efficient syszem of production ot a protein 

or of a recombinant peptide necessitates havinq a 
25 vector, for example of plasmid or viral origin, and a 

compatible host cell. 

The cell host can be chosen from prokaryotir. 

systems, like bacteria, or eukaryotic systems, for 

example liKe veasts, insect cells, CHO (Chinese hamster 
30 ovary) cells or any other system advantageously 

avai 1 abl «. 

The vector must contain a promoter, translation 
initiation and termination signals, as well as the 
appropriate regions of transcription regulation, it 
35 nuct be able to bo. maintained srafcly in the cell and 
can possibly have particular signals specifying the 
secretion of the translated protein. 
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These different control signals are chosen as a 
tunctlon of the cell host used. To this end, the 
nuC leotide seances according to the invent io, can b. 
i„«erted into autonomic replicatxon vectors in the 
Hosen host, or integrative vectors of th. cheser > * > ^ 
Sue, vectors will be prepared according to the methods 
.urr.ntly used fcv the person skilled in the art, and 
the clones resulting therefrom can be introduced ,ntc 
an appropriate host by standard methods, such as, .or 
example, electroporation. 

The in vitro diagnostic or detection methoas m 
which the nucleotide probes obtained from sequences of 
the indention ere employed are likewise part of the 

present invention. 

Mc -e particularly, the invention is anted at a 
method of detection of strain. of mycobacteria 
belonging to the M. tuhercvloois complex in a 
biolngical sample comprisinu the following steps: 

(i) contacting the biological sample- with a 
P =ir of primers under conditions allowing hybridization 
of the said primers to the nucleic acids specific to 
strains of mycobacteria belonging Lo the 
M. tuberculosis complex; 

( ii) amplification of the said nucleic acids; 

(iii) contacting a nucleotide, probe according 
to the invention with the said biological sample under 
conditions allowing the formation of hybridization 
complexes beLween the said probe and the amplified 
nucl=ic acid sequences; 

(iv) detection of L;ie hybridization complexes 

formed. 

According to a first variant, the method 
according to the. invention allows the presence of any 
member of the M. tuberculosis complex to be detected in 
3 biological sample. In this case, the complexes of 
step (iii) defined above are formed with a specific 
nucleotide probe of the sequence SEQ ID No. 1 or Of its 
complementary strand. 
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Accordinc to a second advantageous variant, the 
method of Che invention .115- the presence cf 
of the if. Lub-rculoaifl complex other tnan BCG to be 
speciricaily detected. According to this variant ^ the 
complexes of step liii) which a, H.tected are form d 
with a nucleotide probe specific to the sequence bhu ID 
Mo 9 or to its complementary strand, consisting 
preferentially or 3 short sequence composed of two 
t , mes 9 base pairs framing the GAG codon at r.ae 
specific positions 40 to 42 of the sequence SEQ ID 
No. 2- 

According to a thira particularly advantageous 
variant, the method of the invention allows 
differential diagnosis of the BCG and of other meters 
of the complex. In this case, the method consists at 
first of demonstrating nucleic acids specific to ail 
the members of the M. tuberculosis complex by detection 
according to step <i*) of the hybridization complexes 
formed with a first specific nucleotide probe of the 
cpquence SEQ 1U No. 1 or of its complementary strand, 
then in finding among the amplified nucleic acids 
capable of forming complexes with the said first probe 
those which can likewise torn complexes with a second 
specific nucleotide probe of SEQ ID NC . 2 or of its 
complementary strand. 

The amplified nucleic acid sequences 
hybridizing uniquely with the first prcbe correspond to 
specific nucleic acid sequences of the BCG, although 
the sequences hybridising with each of the two probes 
correspond to sequences of the other members of the 
M. tuberculosis complex. 

This method of differential diagnosis is of 
obvious interest with respect to the conventional 
methods of detection, because it allows an infection by 
BCG (pessibly from a vaccination) to be differentiated 
from that by a virulent mycobacteriuiu of the 
M. tuberculosis complex (w. tuberculosis, M. bovis or 
M. africanum. and possibly M. microti). This 



WO 98/0*78 



A ^fc/FR97/014B3 



- 13 - 



distinction ,3 particularly £ 
^unodeficient individual's. especially sub : c 

inf " rte Vccor^n ? to -other Purred eminent, tfce 

i-horf of identification of groups 
invention provides a method or ia.enr ,,„ elc 

of mycobacteria belonging to -he 
complex, characterized In LUat: 

- thp DNA of Che ^id otraans previously 
extracted with a pair of primer, such as defined above 
i3 contacted under conditions allowing a specific 
Hybridization of the said primers with their 
corresponding seguences on the DNA of the said strain, 
and the obtainment of amplification products, and 

- the length of the amplification products 
obtained is measured, for example by agarose gel 

electrophoresis . 

Advantageously, the primer ? 
M rT,^3• ^ ^ D ^c4A S CA G ^CGTC,CC3■^r? 0 used , in this 

A 

method. 

The invention likewise relates to a kit tor the 
in vitro identification of strains of mycobacteria 
belonging to the M. tuberculosis complex in a 
biological sample comprising: 

- a pair of primers according to the invention, 

as defined above; 

the reagents necessary to allow the 
amplification of the specific sequences of nucleic 
acids beloaying to the M. tuberculosis complex with the 
aid of the said primers, 

- possibly means for revealing the amplified 
fragments, preferentially a nucleotide probe of the 
invention. 

Other characteristics and advantages of the 
invention are illustrated bv the examples following the 
description as wellas by the tigures whose legends die 
indicated below. 





/FR97/01483 



WO 9 8 /° 78 ^ 

- 14 - 

Figure 1: "Southern Blot" analysis of the DMA 
or ecG ( IPP) - A). The fragment of 259 base pairs 
coding a Part of the reg*3 gene was used as a probe 
to defect the gene in different restriction fragments 
H chromosomal DMA Of the BCG (IP- ) The 
trictiur. enzymes used are indicated at the top of 
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15 



the figure. 

• • m-v> rtf the ^cus of the $enXJ 
B) Partial restriction m*p or tne _ocus 

and reaXJ aenes of the DCC (IPP). The restriction site, 
L0 are indicated with respect to the sen« and z«,X3 
genes, as well as the probe used. 

> Figure 2: N/cieotide sequence of the s^y3 and 

rcgX3 aene s of the BOG (IPP) and derived protein 
sequences. The arrWs indicate palindromic sequences. 
The putative SMn-Dalgarno sequence is underlined in 
dots* ISD). The predicted transmembiane sequence of 
5*^3 is doubly underlined. The regions of SenX3 
conserved in other sensors are underlined =nd 
annotated: H, region containing modified nistidine; N, 
?0 -egion rich in asparagine; F, region rich m 
phenylalanine; Gl and .G2, regions rich in glycine. Tne 
small vertical arrows indicate the residues which are 
predicted to be phosphcrylated. The annotated sequence 
PgmY indicates the end of the gone encoding 
25 phosphoglycerate rautase. 

Figure 3: hydrophobicity profile of 5enX3. The 
positive values indicate hydrophobic regions and the 
negative values indicate hydrophillc regions. The 
arrows indicate the possible initiation codons and the 
30 two horizontal lines indicate predicted transmembrane 
regions. The numerals at the top of the figure indicate 
the numbers of amino 3cids . 

Figure 4: comparison of the inte.rcistronic 
c4>fc3^> region between the bV:g (IPP) and W. tuberculosis (IPL) . 
*3S Tne senX3 and regX3 genes are indicated by the arrows. 
^ Tne nucleotide sequences are indicated as well as the 
\q ^T^> inferred protein sequences. 
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M. tuberculosis and of , of BCG (IPP) 

itdt i (on Che right and. ol 
N. tuberculosis (IPL) (on en * 5Ubject£d to 

left ), was digested by Pst-» - u 3 
(on the lercj, analyzed by 

hybridisation witn we 

v Tuberculosis (IPL) • , . 

ncu« 6: analysis by electrophoresis » 
„ ",2 5*1 of the oroduets obtained by KR carried 
a °r° dltlerent mycobacterial straps. Lanes I to 3: 

group 1, respective Y d , group 2, 

„. Tuberculosis V76U lanes -1 and . 9 

v7^9 -M. bovis 60; lanes o 
respectively M. tuberculous ?8 
r „ e -Troup 3, respectively K. bo.ia «, «. 
„ d «. Lis «5, lanes S ana 10. *•» «• 

(IPP); lanes -1 ~ na lCt ' * , , , 

, loerculoris (IFL). «■ bo,is 76; lane S 13 ana 14, 
IZ c respectively -. bnvis < B CCite 29i and H bo.is 
L :»P>. lane IS, group 7. K. tuberculosis No. 19 • 

Figure 7: Southern blot analysis o, the 
rragraents obtained in Figure «. The probe used is the 
senS-re^ interoistronic region of H. tuberculosa s 

(IPL) . 



EXAMPLES 

EXAMPLE l: Genomic map <uid cloning of the 
senX3-regX3 genus of M. bovis BCG (IPP), coding for the 
two-component nycobac.tp.rial system. 

Wren at al. <19<W> amplified a fragment of 259 
base pairs from the gene of M. tuberculosis UrD which 

they called rcgX3. 

The authors of the present invention ampllfiec 
the corresponding sequence from H. bovis BCG (vaccine 
-train 1173P2, obtained at the WHO collection of 
Stockholm, Sweden) using the following synthetic 
oligonucleotides: 5 ' -CGAGGAGTCCCTCGCCGATCCGC-3 ' and 5'- 
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_ 

, ia , ouL bv using those- primers and a- ue-F 
carried out oy uai«y anmlif ication 

polymerase (New England Biolabs) . The ampU ^ 

T , nf 259 base pairs resulting was then purified 
product of 259 ,-se p ^ sub _ cloned 

by electrophoresis un agarc-e g vec ror 
i" the Smai site of the pBluescnpt KS + J-«or 
.Str.tagene) according to standard protocols CSaabroo* 
! -l 1989) This ins«t was then removed frcm the 
Jl'i'nant lasmid by digestion with BamHI and EcoRI 
Z then labeled with dLTP^Pl by "random priming 
(rando* labelling) using the "random pruning kit 
.arreted by Boehring.r according to .he -ndi^ion 
.eco^ended by the manufacturer. The genomic DNA of 
N Lovis DCG (IPP). cultured in Sauton medium vSau.on, 
1912) at 37°C in flasks for stationary culture of 
tissues, was extracted as described previously (Kremer 
et al , 1995a) and digested by differed restriction 
enzymes. This DNA was then subjected to electrophoresis 
on agarose gel and to Southern Dlot analysis accord, ng 
to rh ? standard methods (Sambrook e^ al., 19c9) . T a 
test inr of the blot with the [^P] -labelled DNA showed 
that digestion by Kpnl with either BamKl, EcoRI or PstI 
Produced pairs of hybridizing bands, with one band 
labelled mora intensely than the other in each or the 
pair- (Fig. Ia). These bands were attributed to the 5' 
end 3- sequences respectively, of the unique asymmetric 
Konl site of the probe. This allowed the BanuHL, £COKI 
*ud PstI 5' and 3' sites of the Kpnl site to be 
localized (Fig. Ib). The digestions with only PstI gave 
a single hybridization band. As could be predicted, the 
digestion with Kpnl gave two bands and the digestion 
with iiamHI and EcoRI led to the obtainment of a single 
band ot approximately 3.5 kb. 

The genomic UNA of the BCG was digested with 
BamHI and EcoRI , and DNA fragments of 3 to 4 kb were 
isolated after electrophoresis on agarose yel. These 
fragments were inserted into pBluescript SK 
(Stratagene) restricted by BamHI and EcoRI. 900 
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ieM nt clones were screened with the l"*'; 1 *^ 
pco b= by the s,id standard 'teCnicue of "co.ony blot 

Hybridation" .S^roc* « U.. !"»> • *«• "™ 

,„h turn out to contain tne same 
were positive and turn out ^triction' 
BaxnHl/ EcoRI DNA i^srt 01 3.2 kb by 
analysis- A hybridizing clone was isolated for 
latter studies and was named pRegX3Bcl (I-Hc5) . 

EXAMPLE 2: Sequence of the genes Of H. bovis 
BCG UPPJ ceding for the two-component system 

« v i o 1 5 ?nd 0. / Jcb were 

me Sail fragments cf 1-0, l . .■> «na 

■a -5 vk in-rrt of pRegX3Bcl (1-1765), 
isolated from the 3.2 kb insert oi P J 

and sub-clcned in pBluescript SK-. The sequence of the 
, 2 kb insert, as well » that of che sub-clone, Sail 
was determined on the two strands by the method or 
"primer walking". The nucleotide sequence of 3208 bp of 
M bovis BCG (IPP) (Fig. 2) Showed the frequency or C * 
G characteristic of the mycobacteria iC6.Gi). Two 
principal open reading frames (0RF) designated by regX, 
and senX3 were identified (Fig. Ib and 2). The ,egX3 
yene sta-ta with an ATG triplet at tne 16-9 position 
and ends with a TAG triplet at the 2360 position. It 
contains the sequence of the "P-labelled probe and 
codes for a protein whose inferred sequence of amino 
acids is 227 residues for a calculated molecular wass 
Of 24,bBl Da. The limit upstream of the senX3 ORF is 
not certain because five in-phase potential initiation 
r.odons (ATG or GTU) were found" in a shorn distance 
(from 296 to 446] (Fig. 2 and 3). However, only the CTC 
at position 296 is preceded with 9 nucleotides 
upstream, by ? sequence homologous to the Shine- 
Dalgarno sequence of r.sche.richia coll (4 or the 6 
residues arc identical to AGGAGG) . Thus, this GTG codon 
could be the limit in 5' of the senX3 ORF which ends 
with the TGA stop codon at the position 1526. This ORF 
is thus presumed to code for a protein of 4 4,769 Da 
composed of 410 amino acid residues. The senX3 gene is 
preceded at 273 nucleotides upstream by the 3' part of 
an ORF encoding a homologue of the phosphoglycerate 
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. , _ f forming a hairpin 
mutases. A sequence capable of 9 
structure in localized between the positions 18 and 
Z This seance could function as a t.r«,n»tory 
transcription sequence ot the ORF upstream. 

A search on the MycUB database shov-ec -hat tn. 
S e,*3 end regX3 genes are also present in M leprae. 
The products which they encode are "^ twly 
zo 87 and 04.94 to the proteins senX3 and RegX3 of 
„ b ovis CIPP). The *anX3 ORF of M. leprae turn, out to 
be -nitiated by a GTC coder, and is preceded by an ORF 
-ndi'ng ror a hu-ologue of P hos P hogl yr.erate mutase, 
similar to that which was found m M. ooW, BCG CPF) . 

EXAMPLE 3: Cloning and sequencing cu the ^nXJ- 
r*cX3 g*nes of M. C'jfcerculc/sis (IPLJ . 

The senX3 and regX3 gene, of «- tuberculosis 
dPL- were cloned by yCR troa chromosomal DMA of W. 
cube-culosis 22S62067. a cllnic-1 isolate from the 
collection of mycobacteria of the Inslitut Pasteur de 
Li U- The DNA of M. tuberculosis (I?L) »<*s extractea 
by the method described above for the extrac.-on of 
eh-omosomal DNA of the BCG (Kremer et ax., 1995a). The 
fragment of 2.2 kb containing t h« senX3 and regX3 genes 
of M tuberculosis UPLJ was amplify by PCR using the 
following primers, homologous to the adjacent sequences 
of the seiffS and regX3 oenej of £ ho.is BCG (TPP) : 5'- 
TGGCGTAGCGTGTGACITGTC-3 f In* 5 ■ *GACC AGACAGTCGCCAAG GTT - 
3'H5e A 'Sipiified fragment was cloned in the Smal site 
of pBLuescript SK- (version II) to produce a plasmic 
named pRegX3Mtl (I-17bb) - The total ftagment of 2.2 kb 
was then sequenced using the same strategy as that 
described in F.xample 2 for the senX3 and reoX3 genes of 
the BCG (IFP). The DNA sequence of the senX3 and iegX3 
ORF of M. tuberculosis (IPL) as well as the 5' region 
upstream of seriA2 and the 3' region downstream of regX3 
were identical to those of the *CG (TPP) . However, the 
intercictronic region between senX3 and re<?X3 
demonstrated interesting differences which arp. studied 
in the example below. 
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EXAMPLE 4: Analysis of ■ tne 

intcrcistronic region 

Th = inf.arcistronic region between 
reg v 3 contains a perfect duplication of ,7 base pairs 

r'tandc* in the BCG (IP.) IF*. 4,. Each ^ 
seq uence contains a short ORE which has the cap* c ty o 
code for a peptide of 25 ^no acids. The ATG 
Vitiation codon which can b« inferred fro, the 
repetition overlaps the T6A stop codon or senX3. hi. 

Lri seoueu-* ends with two stop codons m-phase, 
repeated sequea « e inferred trom 

which overlap U« . The ORF of the second 

the following repetition. The ORF or 
..petition also end, with a double TGA stop cocon, 
wrir.h overlaps the ATG start codon of regX3. 

The intercistronic region of M. zubexculasis 
UPL) is longer and contains a third repeated sequence 
which, however, is not complete . It contains a short 
in -phase internal deletion of the nucleotides 40 to 66 
which arc replaced by GAG. The ORF of this third 
repetition also ends with a double stop codon 
overlapping the ATG codon of regX3. 

The sequence of the interci stronic region of M. 
leprae is shorter than that of BCG (IPP). It contains 

52 base pairs. 

The existance of these atructures in repetition 
in the senX.3-regX3 intercistronic region led the 
inventors to find oul whether they were present m 
other regions of M. tuberculosis (IFL) or in the 
chromosome of M. bcvls BCG (IP?) by Southern Blot 
analysis. The senX3-regX3 interclstrouic region of M. 
tuberculosis (TPT.J was obtained by enzymatic digestion 
of P P.egX3Mt2 with Kr.oRI and BamHI. The resulting dna 
fragment of 491 base pair.? was then digested with Bsrl- 
Alul to produce a DNA fragment of 218 base pairs which 
corresponds to the sen.v.3-rsgX3 intergenic fragment of 
M. tuberculosis (IPL) . This DNA fragmanf. was then 
labelled at random with digoxygenin-dUTP (Wit cat. 
No. 1093657) according to the recommendations of the 
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manufacturer (Boehringer ' Mannheim) . ™ 
pr oduced bv a first amplification by PGR of a frag™* 
of chromosomal DNA or 471 base pairs of ... t*»ZC 0S.S 
2,962067 (IPL) using th, follow^ oligonucleotides 
5 ' AAACACGJCGCGGCTAATCA 3^0^' CCTCAAAGCCCCTCCTTGCGC 
A^?hT resulting amplified fragment was then cloned 
in the Smal site of pBluescript KS-. 

The chromosomal DNA of M. tuberculous (IPL) 
„ then totally digested with PStI and subjected to 
lect-ophorccis on agarose gel and analysed by Southern 
loL according to the customary procedures (Sambrook et 
1., 1989). The labelled probe was then usee for 
hybridization as indicated below. 

The probe was at first denatured by bcilinq for 
5 minutes, and LUe membrane was incubated with the 
probe overnight at 68°C, after a prehybridi nation for 
two hours at 68-C. The buffer used for the 
prehybridization and the hybridisation was 5*SSC 
<Sambrook et al., 1983), 0-1% N-laurylsarccainc (w/v) ; 
20 0.02* SDS (w/v); 1% blocking reagent (Boehrir.gcr 
Mannheim). The membrane was then washed twice for five 
minutes in 2«SSC (Sanbrook et al.. 1989} and 0.1% 2D3 
at ambient temperature and twice tor 15 minutes in 
O.lxSGC 0.1% SDS at 68°C. The hybridized probes were 
2 5 'then immunologically detected with ar.tidigoxygenin Fab 
fragments conjugated to alkaline phosphatase and a 
chemi luminescent C5PD substrate (Boehringer Mannheim) . 

AS can be seen in Figure 5, different copies of 
the S6nX3-regX3 intercistronic region arc present in M. 
30 tuberculosis (IPL), as well as in M. bo^ls BCC (IPP). 

EXAMPLE 5: Amplification by PCR of the senX3- 
•regXS intercistronic region of different strains of 
mycobacteria. 

Given that the intercistronic region separating 
35 tha senX3 snd regX3 genes has variations in length 
between M. hovi.t BCG (IPP) , M. tuberculosis (IPL) and 
M. lepras, the authors of the present invention 
analysed the corresponding region in other strains of 



„ bow, (including «„BC G =trains, an* of M 
c^rculcln. They UXewise analysed other speeds of 
my ceba=t.ria: <il the othex ° £ «■« 

£Bb or«W. ™piex: «• »d K. .M 

the mycobacteria other the:. tho=e of the «. 

tuberculosis complex- 

The strains analysed are indicated in Tables 1 
and 2 Their chromosomal n*A was prepared as indicted 
below." The mycobacteria were recovered by 
centri faction (300 revs/min; 30 minutes , , starting 
troir 100 ml of culture and incubation for 1 hour at 
3-,-r in 10 ml of phosphate buffer (0.4 M sucrose, 10 mM 
EDTA, Tris-HCl ( P H 8) 10 mM, 4 rag/ml of lysozymel. The 
protoplasts Obtained were recovered by centri fugation 
( W0 revs/min; 20 minute,) and then lysad by piacino 
t ; eri to incubate tor 1 hour at 60°C in 6 ml of L buffer 
■ 10 mM NaCl. SDS 6%, 10 mM Tris-HCl ( P H 0,, 500 ug/ml 
of proteinase K) . After addition of 1-5 ml of 5 M Nad, 
the mixture was c.entrifuged (14,000 revs/nan., 20 
sauted. The supernatant was subjected to extraction 
with phenol-chloroform and the DMA was precipitated 
with isopropanol. The resuspended ' pellet was then 
L^ted with RNAsc, extracted with phenol-chloroform 
and chloroform and then precipitated with ethanol. The 
pellet was then dried in air and. resuspended in 100 ill 
of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 7.6) . 

The primers for PCR analysis were choser. from 
the DMA sequence of the senX3 and regX3 genes of M. 
bovis BCG (IFF) and M. Lubtticulosis {IPD . A primer 
CCS) hybridized to the 3' end of the senX3 gene and ha £^ ID /y^ 
the following 5' -3' sequence: 5' GCGCGAC-AGCCCGAACTGC3^. 
The other primer (C3J hybridized to the 5' end of the 
regX3 gene and hari %Jg}$t> Lia * 5' -3' sequence: 5'- 
GCGCAGCAGAAACGTCAGC-3^. With these two primers, the PCR 
product comprises 56 additional, base pairs at the 5' 
end cf the intergenic rsgion and 52 additional base 
pairs at its 3' end with respect to the intercistronic 
region. The PCR product has a length of 369 base, pairs 
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IO r M. tuberculosis 22962067 lieW and 276 base pairs 

fot M. bovia BCG (IPP) • 

The PCR amplifications were carried out in 
thernocycler (Perkin Elmar) by incubation of 1 1*1 of 
chromosomal DNA with the following reaction mixture: CS 
and C3 oligonucleotides <1 ng/i I*. of each), 
p ul) 25 *M, TMACl (tctramethylammonium chloride) 
« m) 10 * enzymatic buffer (10 ,1, , Vent UNA 

polymerase d O/0.5 H> . *t.r (« ul) - The 
amplification was carried out over 30 cycles a, 94 C 
£or one minute. 65*C for one minute and 72 C for one 
minute 10 ,il of PCR product were then subjected to 
electrophoresis on 2.5* agarose gel .ad visualized with 
ethidium bromide. The negative controls containing all 
the FCR reagents except the DNA matrix were Lifted in 
uarallel with the samples. The length of the PCR 
product was estimated by comparison with the DNA scale 

of i :<b. 

No FCR product was detected for the II strains 
of non-tuberculosis mycobacteria tested (see Table 2). 
-hree strains of Streptomycea (S. czczoi, S. R61 and S. 
R39I. as well as E . coli TGI likewise gave negative 
results in fCK. On the other hand, PCR products were 
obtained with all the members of the H. tuberculosis 
complex. The specificity Of '-he PCR products was 
confirmed in all the cases by Southern Blot analysis 
using as P rob-= the senX3-regx3 intergenic region of M. 
tuberculosis (IPT.) labelled with digoxygenin, as 
described ir. Example 4 . 

The length of the amplified fragments is 
indicated in Table 3. Eight different groups with 
different amplicon lengths were obtained. Out of the 35 
clinical isolates of M. tuberculosis tested, 3* gave 
PCR fragments of 329 base pairs which could not be 
distinguished from . that obtained with "he reference 
sir ain M. tuberculosis 22962067 (IFL) (group 5) . One 
strain of M. tuberculosis (No. 19) gave a PCR product 
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uf 2 S4 b,ce pairs (group " J». t 0b «cul«i, S200 slso 

belongs to group 5. 

Strains of W- Mharculosis from Vietnam and not 
containing the IS6110 sequence (V. 80S, v 761 and 
v 179) were different from the manor M. tuberculosa 
aroup I^PSI. The length of their ^ product 
exceeded 500 base pairs (one product of +/- 500 uase 
pairs and two cf 560). The laboratory strains of M. 
tuberculosis H37Ra and II37Rv had PCR products which 
uer o slightlv larger than those obtained in group 5 or 
the strains ot M. tuberculosis and these two strains 
3^ e classified among group 4. These two strains are odd 
in as far »s the uncertain pathogenicity for H37Rv and 
the loss of pathogenicity of H37Ra are concerned. In 
addition, no clinical case of M. tuberculosa was 
present, in groups 4, 6, 8: these three groups are thuo 
specific for the non-virulent strains. 

The BCC strains (vaccine' strains and isolates 
of clinical cases of BCGitas) were divided into three 
groups (iso. 4, 5 and 0) . The pcr products obtained from 
these strains had s length of 353 base pairs, 276 and 
199 respectively. 

The most important variability at the level of 
the length of the PCR fragments was encountered for the 
non-BCG strains of M. bovis. Six strains were tested. 
Three of them, inducing the reference strain ANS, gave 
PCR products of 406 base pairs (group 3) . The three 
other strains were grouped in groups 2, 5 and 7 
corresponding to PCR fragments of approximately 500 and 
of 329 or 254 base pairs respectively. 



WO 98/078 




- 24 - 



/FR97/01483 



Table l; K. tuberculosis complex 



Species 



M. r-ub<srci:losis 



Strains 



M. bo vis 



- reference (2*962057) 

- H37Ra 

- H37Rv 

- S200 

- 35 clinical isolate* 
(different profiles of 

IS611Q RrLP) 

3 clinical isolates 
from Vietnam : v808, 
V761, V^29 



| S puree s 
- IPii' 



BCCj (vaccit:e strain3) : 
ECC IPP 

BCG Moreau 
ECG Japonicu3 
BCG Pragnes 
BCG Montreal 
BCG UU3ce 

RCG Glaxo 

case u£ BCGitca : 

l clinical isolates 

(28, 29, 30, 31) 

aon ECG : 

r9f<?rftnr.5 ANS 

clinical isolate (1) 



TPP" 

IPP (Manchal) 
CHR of Lillft" 
CHR of Lille 



- IPP (Marchal) 



IPP 
IPL 
IPL 
IPP 
IPP 
IPP 
IPP 



- IPL 

- CKR of Lille 

- iff (Marcnal) 

- CHR of Lille 





2 isolates from cpat.s 


- University ot 




(60, 63) 


Zarayo^a (Martin) 




2 isolates from cows 


- University of 




r'e, 78) 


Zaragoza (Martin) 


M. africsnum 


- clinical isolate 




M. microti 


- reference ATCC 19422 


- CKR of Lille 






- IPP (M=rch^l ) 



Institut Pactcur de Lillo 
Institut Pasteur dG Paris 
Centre Hospitality Regional de Lille 
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Table 2: Atypical mycobacteria 



# 



T/FR97./01483 





[ 

Species end strains 


Sources 


M. aurum 


- clinical 


isolates 


(IPL 5 


M. avium 


- clinical 


isolates 


(IPL) 




- clinical 


isolates 


(IPL) 




- clinical 


isolates 


( I FT.) 




- clinical 


isolates 


(IPL) 




- clinical 


isolates 


(CHR Of Lille) 




- cliniral 


isolates 


(IPL) 


M. scrorulaceuin 


- clinical 


isolates 


(TPL) 




- IPL 






rf. terae 


- clinical 


isolates 


(IPL) 


W- ^cenopi 


- clinical 


isolates 


(IPL) 
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Th° amplified DNA fragmants comprise the senX3- 
r * g X3 intercxstronic region as wall a, 56 base pairs 
upstream of this and 62 baae pairs downstream The 
arrow. 7^ and designate the repeated element* found 
in each group. The strains fur which the intereistrnnic 
region was sequenced are underlined- 
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